The fatty acid composition of the major lipids of the chloroplast membranes, the mono-and digalactosyl diglycerides, can be dermably altered with various substituted pyridazinones. Galactolipid fatty acid composition of wheat (Tritcum aestivum L.) can be altered so that there is a decrease in linolenic acid accompanied by an increase in linoleic acid without a shift in the relative proportion of saturated to unsaturated fatty acids; the fatty acid composition can be shifted toward a higher proportion of saturated fatty acids; or the fatty acid composition of the monogalactosyl diglycerides can be altered in preference to the digalactosyl diglycerides. Also, the light-mediated parallel accumulation of chlorophyll and linolenic acid can be separated with a substituted pyridazinone. The substituted pyridazinones may be useful tools in clarifying the role the galactolipids and their component fatty acids play in the structure and function of chloroplast membranes in higher plants.
Our knowledge of membrane lipid composition remains dominated by information derived from studies with animal cells or microorganisms. The most predominant lipids in the membranes of animal cells and microorganisms are the phospholipids, particularly phosphatidylcholine and phosphatidylethanolamine. By appropriately manipulating the genetic characteristics of microorganisms (7, 14, 15, 18) , or by altering the culture conditions for the growth of microorganisms (14, 15, 18) or mammalian cells (13) , one can, within empirically defined limits, selectively control the phospholipid composition of the membrane matrix, as well as the fatty acid composition of the phospholipids. Such studies have provided valuable insights into the role phospholipids and their component fatty acids play in the structure and function of membranes.
Information on the overall lipid composition of plant cells and on the location of lipids within cells has been summarized by Hitchcock and Nichols (12) . As in microorganisms and animal cells the major lipids of plant mitochondrial, plasma, and tonoplast membranes are phospholipids. Plant chloroplast membranes, differ from most other membranes in that the major portion of the nonpigmented lipids of the chloroplast are the linolenic acid-rich galactolipids, with sulfolipids and phospholipids present as the minor lipid constituents.
Many attempts have been made to determine the functions and biosynthetic pathways of the galactolipids (1, 5, 8, 12, 17 We reported earlier that major effects of San 6706 were inhibition of photosynthesis and interference with chlorplast pigment development (10) and inhibition of the formation of chloroplast polar lipids (1 1). The inhibition in formation of polar lipids was related to an increase in linoleic acid accompanied by a decrease in linolenic acid of the polar lipids. We suggested that San 6706 might act by preventing the formation of chloroplast membranes, resulting from inhibition of the formation of the lipoidal constituents, namely, the polar lipids, Chl, and carotenoids necessary for chloroplast membrane formation.
The polar lipids from leaf tissue are predominantly galactolipids (5, 8, 12, 17) . Previous results suggested that San 6706 and other substituted pyridazinones might be useful tools with which to alter the fatty acid composition of galactolipids.
The present paper reports alteration of the fatty acid composition of galactolipids with substituted pyridazinones (Fig. 1 ). Pyridazinone effects on Chl accumulation are also reported in order to demonstrate separation of Chl and linolenic acid accumulation in the light.
MATERIALS AND METHODS
Chenicals. Technical grades of pyrazon [5- 
were used in all studies.
Plants. Wheat seeds (Triticum aestivum L., cv. Arthur) were germinated in 9-cm Petri dishes on three layers of filter paper. Herbicides were dissolved in acetone and the filter papers were impregnated with I ml of the acetone solution. After the solvent evaporated, 10 ml of distilled H20 were added to give the desired inhibitor concentration. Seeds were planted directly on the moist papers and germinated for 4 days in a controlled environment chamber in a 16-hr photoperiod in which day temperature was 27 + I C and night temperature was 21 + I C. Light intensity from a combination of cool-white fluorescent and incandescent bulbs was 2,600 ft-c at dish level.
Analytical trol shoots show the expected linolenic acid-rich fatty acid composition, based on a previous report of fatty acid composition of wheat chloroplasts (see page 71, ref. 12). Pyrazon, the least substituted pyridazinone, did little to alter this normal fatty acid complement. The remaining five more highly substituted pyridazinones presently evaluated caused marked alteration in the fatty acid composition of both the mono-and digalactosyldiglycerides. Analysis of the data in Tables I and II (Table  III) shows that there are potentially important differences in the effects exerted by the pyridazinones. San 9785 altered galactolipid fatty acid composition with respect to the relative content of linoleic and linolenic acid. San 9774, Norflurazon, San 6706, and San 133-410 H produced this alteration to varying lesser degrees, but these compounds also shifted the ratio of saturated to unsaturated fatty acid in the galactolipids. San 9774 preferentially altered the fatty acid composition of the monogalactosyl diglycerides.
The pyridazinones also exhibited differential effects on Chl accumulation (Table IV) Our data taken collectively demonstrate that the fatty acid composition of galactolipids can be definably manipulated in a higher plant with various substituted pyridazinones. Likewise, Chl content may also be manipulated. We suggest that the substituted pyridazinones will be valuable tools for use in clarifying the role galactolipids and their component fatty acids play in the structure and function of chloroplast membranes. Also, elucidation of the mechanism by which the pyridazinones exert their effects should provide valuable insight into the factors regulating the synthesis of unsaturated fatty acids and the ratio of saturated to unsaturated fatty acids in the membrane galactolipids.
